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(57) Abstract 

A two step mask/etch process for fabricating a poly end cap on field oxide begins with the formation of a layer of polysilicon (106) 
over the field oxide island (100) and over the gate oxide material (104) on the substrate (102) such that the layer of polysilicon (106) spans 
the interface between die substrate (102) and the field oxide (100). In a first mask/etch step, the layer of polysilicon is patterned utilizing 
a photoresist mask to form a line of polysilicon that extends in the x-direction such ^t the two longitudinal edges of the line are formed 
over the fidd oxide and such that the line extends over the field oxide in &e x-direction. In a second mask/etch step, die line of polysilicon 
(106) is patterned utilizing a photoresist mask (108) to define a substantially rectangular poly end cap over the field oxide (100). 
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MEraOD OF ELIMINATING 
POLY END CAP ROUNDING EFFECT 



BACKGROUND OF THE INVENTION 

L Field of the Invention 
S The present invention relates to integrated circuit fabrication techniques and, in particular, to a 

method of fabrica ting polysilicon lines that terminate on field oxi de in w ay that e limin^es the potential 
leakage path resulting from the roundingeffecTof the poly end cap! 



2. Discussion of the Prior Art 

In many integrated circuit structures, such as CMOS logic for example, it is common to utilize 
1 0 polysilicon lines that tenninate on field oxide. 

According to conventional single poly integrated circuit fabrication tedmiques, all of the polysilicon 
]mes in the circuit are defined simultaneously utilizing a single mask step. That is, a layer of polysilicon 
(polyl) is first formed over the entire device structure. A polyl photoresist mask is then formed and 
patterned to define the underlying polysilicon. A smgle etch step is then performed to define individual 
15 polyl liaes. 

As shown in Fig. lA, the fabrication process specification defines the desu-ed offset distances "a" 
and "b" for the "end caps" of the individual polysilicon lines in both the x-direction and the 
y-direction, respectively. 

However, rather than the substantially rectangular (90°) geometry shown in Fig. 1 A, in reality, the 
20 final geometry of both the field oxide islartd 10 and the end c^ of the polysilicon li ne 12 is more 

" rounded", as shown in Fig. IB. The field oxide roundmg effect is Merent to th e type of tield isolation 
and photolithogrsq)hic process used. The poly end c^ rounduig effect is inherent to the photolithogrE^hy 
of small polyalioon lines. 

As shown in Fig. IB, these physical rounding effects result in a reduced width of the polysilicon 
25 lines 10 at the poly 1/field oxide interface. Thus, when the polyl line is used as a self-aligned mask for 
the implementation of dopant to create the source and drain regions of MOS transistors in the circuit, the 
channel length of the MOS device is reduced, leading to undesirable current leakage fiom one side of the 
polyl to the other. Any misaligruneat of the polyl mask fimher exacerbates this leakage problem, as 
shown in Fig. IC. 

30 To avoid this problem, prior art techniques rely on larger design rules. That is, de sign r ules for the 

length of the poly end c^ , t he distance between the poly end cap and the parallel edge o f the field oxide, 
and the width of the p olyl line all may be increased . Th ese steps insure th at the channel leng th of each 
of the M OS devices in the d rnt^f is premier than an acceptable nunimum requged to prevent leak age. 
However, this ^proach is totally antithetical to the concept of design scaling, with the final result 
35 being a larger integrated circuit die. 

Ther^ore, it would be highly desirable to have available a method of fabricating polysilicon Unes 
for termination on field oxide in a manner that is consistent with the objective of design rule scaling and 
smaller die size. 

SUMMARY OF THE INVENTION 
40 The present invention provides a method of fabricating a polysilicon line over an interface between 

field oxide and adjacent silicon substrate material. The siUcon substrate material typically has gate xide 
formed thereon. In accordance with the method, a layer of polysilicon is formed over the field oxide and 
over the gate oxide material such that the layer of polysilicon spans thq interface between the field oxide 
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and the substrate underlying the gate xide. In a first mask/etch step, the polysilicon layer is patterned to 
form a line of polysilicon such that the two longitudinal edges of the line are formed over the field oxide 
and such that the line extends over the field oxide. In a second mask/etch step, the polysilicon line is 
patterned to terminate over the field oxide to provide a substantially rectangular end cap. 
5 Hiese and other features and advantages of the present invention will become apparent and 

appreciated by reference to the detailed description of a preferred embodiment provided below which 
should be considered in conjunction with the accompanying drawings. 

DESCRIPTION OF THE DRAWINGS 
Fig. 1 A is a layout drawing illustrating the end caq? of a polysilicon line formed on a field oxide 
10 island. 

Fig. IB is a layout drawing illustrating the rounding effect of field oxide isolation material and a 
poly end C£^. 

Fig. IC is a layout drawing illustrating the problem of current leakage between a field oxide island 
and a poly end cap resulting &om the rotmding effect of each and finm misalignment of the polyl mask. 
15 Fig. 2 A is a layout drawing illustrating a first tnask/etch step in pattetning a polysilicon line to 

terminate over field oxide in accordance with the present invention. 

Fig. 2B is a cross-section drawing illustrating the Fig. 2 A structure along line 2B-2B in Fig. 2A. 

Fig. 3 A is a layout drawing illustrating a second mask/etch step in patteming a polysilicon line to 
terminate over field oxide in accordance with the present invention. 
20 Fig. 3B is a cross-secdon drawing illustrating the Fig. 3 A structure along line 3B-3B in Fig. 3 A. 

Fig. 4A is a layout drawing illustrating a final structure resulting from patterning a polysilicon line 
over field oxide in accordance with the present inventioa 

Fig. 4B is a cross-section drawing illustrating the Fig. 4 A structure along line 4B-4B in Fig. 4A. 

Fig. 5 A and 5B are layout drawings illustrating the application of a two-stqi mask/etch pro cess in 
25 accordance with the present invention to polysilicon lines of irregular geometry. 

Fig. 6A is a layout drawing illustrating a portion of a flash EPROM memory array that utilizes 
polysilicon floating gate stsips extending between two field oxide isolation regions to define an individual 
memory cell. 

Fig. 6B is a cross-section drawing illustrating an individual memory cell of the Fig. 6 A array that 
30 includes a polysilicon floating gate extending between two regions of field oxide. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention provides a two-step mask/etch process for fabricating polysilicon lines over 
an interface between a silicon dioxide field oxide isolation region and adjacent silicon substrate material. 
Refecting to Figs. 2A and 2B, a process in accordance with the present invention begins with the 
35 definition of field oxide isolation regions 100 in a substrate 102 of semiconductor material, illustrated in 
Fig. 2B as being silicon ojf P*t^e conductivity. The field oxide regions 100 are formed in accordance 
with procedures well known in the art of integrated circuit fabiicatiort Formation of the field oxide 
regions 100 is followed by the formation of gate oxide material 104 in the so-called active device regions 
between field oxide regions 100. A layer of polysilicon is then formed over the entire above-described 
40 structure, including the field oxide regions 100 and the silicon dioxide gate material 104, such that the 
layer of polysilicon spans the interface between P-type substrate material 102 underiying the gate oxide 
104 and the field oxide regions 100. 

Next, as shown in Fig. 2 A and in accordance with the present invention, in a first mask/etch step, 
the layer of polyahcon is masked with photoresist and patterned in accordance with conventional 
45 photolithogr^hic techniques to a form a line 106 of polysilicon that extends in the x-direction such that 
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the two longitudinal edges of the line 106 are fonned over the field oxide .ions 100 and 5ucb4f)art^rtie 
line 106 extends over the field oxide region 100 in the x-direction. 

Next, as shovm in Figs. 3 A and 3B, a second photoresist mask is fonned over the above-described 
structure and patterned to expose portions of the polysLlicon line 106 overlying field oxide regions 100. 
5 Refming to Figs. 4 A and 4B, finally, in a second mask/etch step and in accordance with the 

present invention, the polysilicon line 106 is patterned to terminate over the field oxide regions 100 to 
defmepolysilicon end c^s 110 over the field oxide 100. 

Utilization of this two-step mask/etch process results in the formation of substantially rectangular 
(90*^) comers on the poly 1 end ca^s, thus avoiding the leakage problems that result from the rounding 
10 effect described in the background section of this document. 

Those skilled in the art will sq)preciate that the above-described process can be utilized to panem 
polysilicon lines having geometries other than the "straight-line" geometry shown in Figs. 2A and 2B. 
For exanq)le, as shown in Figs. 5 A and 5B, the original poly I layer may be patterned in the first 
mask/etdi step to provide polysilicon lines of irregular shape; the second mask/etch step then defines the 
15 substantially rectangular poly end caps over the field oxide. 

The above-described two-step mask/etch process may also be £^plied advantageously in other 
integrated circuit structures. 

Fig. 6 A shows a layout of a portion 200 of a well-known, contactless flash EPROM cell array. In 
the illustrated array 200, individual EPROM cells are defined by the transverse crossing of a polysilicon 
20 (polyl) floating gate 202 and an overlying polysilicon (poly2) word line 204. 

As shown in the Fig. 6A CFOss-secdon of an iiuiividual cell in the array 200, the word line 204 is 
electrically separated from the floating gate 202 by an intermediate layer of dielectric material 206, 
typically an oxideMitiide/oxide (ONO) sandwich. The floating gate 202 is electrically separated from the 
P-type silicon substrate 20S by a layer of gate oxide material 210. 
25 Referring back to Fig. 6A, in each ceU in the an^ 200, the floatmg gate 202 is flanked on each side 
by a buried n+ bit line 212 formed in the silicon substrate 208. The n+ bit lines 2 12, which provide the 
source and drain regions of the individual cells of the anay, are separated by 

p-charmel substrate material that underlies the floating gate 202. The individual ceUs in the array 200 are 
electrically isolated from one another by field oxide (FOX) islands 214. 

30 As best shown in Fig. 63, the polysilicon floating gate 202 is typically fabricated to terminate over 
the field oxide islands 214 in order to prevent current leakage between adjacent n-i- bit Imes 212 when the 
array 200 is subjected to certain operating bias conditions. The floating gate 202 is defined m a stacked 
etch stq> utilizing the poly2 word line 212 as a self-^gned mask. 

Althouglh the above-described stack etched process utilizes only two photoresist masks to define 

35 both the poly2 word line and the underiying polyl floating gates of the individual memory cells, word 
line dimoisions must be conservative in order to ensure proper definition of the floating gates. Thus, the 
word line design rules inhibit aggressive design scaling. 

While requiring a more conq>lex three-mask process, the concepts of the present invention can be 
utilized to permit further scaling in such memory architectures. 

40 More specifically, in a method of fiabricating a non-volatile memory cell array in accordance with 

the present invention, an x-y matrix of silicon dioxide field oxide isolation regions is formed in a surface 
of a P-type sihcon substrate to define active device substrate regions. The active device substrate regions 
will subsequently be utilized for the formation of individual floating gate memory cells. A layer of 
silicon dioxide gate material is formed on the e?{posed surfaces of the active device region. A first layer 

45 of polysilicon is then formed over the field oxidized isolation regions and over the dlicon dioxide gate 
material and a layer of oxide/nitride/oxide (ONO) is fonned over the first polysilicon layer. Next, in a 
first mask/etch step,,the ONO layer and the polyl layer are patterned utilizing a first photoresist mask to 
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fonn a plurality of lines of ONO/^oIyl that cxtimd in l^ /ide dirj: ion such that, for each ONO i;oIy 1 
line, the two longitudinal edges of the line are formed a /t ; the sibc m dioxide field oxide isolation 
regions, thereby defining a coliinm of isolation regions in the x-y m itrix. Arsenic implant is then 
performed to introduce n-type dopant to the active device regions adjacent the ONO/poly 1 lines. Next, in 
5 a second mask/etch step, the ONO^olyl lines are patterned utilizing a second photoresist mask to fonn a 
gap in the lines over each of the field oxide regions in each of the columns isolation regions to define the 
polysilicon floating gates of the memory cells in a corresponding array column. A second layer of 
polysilicon is then formed over the structure resulting from the aforementioned steps. Next, a third 
mask/etch stq>, a second layer of polysilicon is patterned using a third photoresist mask to defme a 

10 plurality of word lines running in the x-direction, one such word line rurming perpendicular to and 

overlying the polysilicon floating gates in each array row. Processing of the memory array structure then 
proceeds to completion in accordance with conventional mtegrated circuit fabrication techniques. 

It should be understood that various alternatives to the embodiment of the invention described 
herein may be employed in practicing the invention. It is intended that the following claims defme the 

15 scope of the invention and that methods within the scope of these claims and their equivalents be covered 
thereby. 
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WHAT IS CLAIMED IS : 

1. A method of fabricating a line o f conductive material over an interface between a field 
isolation region and adjacent semiconduaor substrate material, the adjacent substrate material havmg 
dielectric material formed thereon, the line of conductive material nmning in an x-direction, the method 

5 con5)rising the steps of: 

forming a layer of conductive material over the field isolation region and over the dielectric 
material such that the layer of conductive material spans the interface between the field isolation region 
and the substrate material tmderlying the dielectric material; 

in a first mask/etch stq), patterning the layer of conductive material utilizing a 
10 photolithographic mask to form a line of conductive material that extends in the 

x-direction such that the two longitudinal edges of the line are formed over the field isolation 
region; and 

m the second mask/etch step, patterning the line of conductive material utilizing a 
photolithogr^hic mask to define a substantially rectangular end cap of conductive material over the 
15 dielectric material. 

2. A method of fabricating a line of polysilicon over an interface between a silicon dioxide field 
oxide isolation region and adjacent silicon substrate material, the adjacent silicon substrate material having 
silicon dioxide gate material formed thereon, the line of polysilicon rmming in an x-direction, the method 
congirising the steps of: 

20 forming a layer of polysilicon over the alicon dioxide field oxide region and over the silicon 

dioxide gate material such that the layer of polysilicon spans the interface between the silicon 
dioxide field oxide region and the silicon substrate material tmderlying the silicon dioxide gate 
material; 

in a first mask/etch step, patterning the layer of polysilicon utilizing a photoresist mask to 
25 form a line of polysilicon that ^ends in the x-direction such that the two longitudinal edges of the 

line are formed over the sihcon dioxide field oxide region; and 

in a second mask/etch step, patterning the line of polysilicon utilizing a photoresist mask to 
define a substantially rectangular poly end cap over the silicon dioxide field oxide region. 

3. A method of fabricating a non-volatile memory cell array in a silicon substrate, the memory 
30 cell array defined by a matrix of a plurality of rows of fioating gate memory cells extending in an 

x-direction and a plurality of columns of floating gate memory cells extending in a y-direction, the 
fabrication method comprising the st^s of: 

forming an x-y matrix of silicon dioxide field oxide isolation regions in a surface of the 
silicon substrate to define active device substrate regions in the silicon substrate wherdn the fioating gate 
35 memory cells are to be subsequently formed; 

forming a layer of silicon dioxide gate material on the e^qposed surface of the active device 

regions; 

forming a first layer of polysilicon over the field oxide isolation regions and over the silicon 
dioxide gate material; 

40 forming a layer of oxide/nitride/oxide (ONO) on the first layer of polysilicon: 

in a first mask/etch step, patterning the ONO layer and the first layer of polysilicon 
utilizing a first photoresist mask to form a plurality of lines of ONO/poly 1 that extend in the 
y-direction such that, for each ONO^oly 1 line, the two longitudinal edges f said line are 
formed over the silicon dio?dde field oxide isolation regions defining a column of said 

45 isolation regions in said x-y matrix of isolation regions; 



V/0 94i2^::m ^ PCT/US94/06224 

6 

iAtm Jui^0 dopant o a conductivity type opposite the conductivity type of the silicon 
substrate into the active de\ ice regions adjacent the ONO/polyl lines; 

in a second mask/etch stq), patterning each ONO^oly 1 line utilizing a second 
photoresist mask to form a gap in said line over each of the field oxide region in said column 
5 of isolation regions to define the polysilicon floating gates of the memory cells in a 

corresponding array column, each polysilicon floating gate having ONO formed thereon; 

forming a second layer of polysilicon over the stracture resultmg from aforementioned 
steps; and * 

in a third mask/etch step, pattemmg the second layer of polysilicon utilizing a third 
10 photoresist mask to define a plurality of word lines running in the x-direction, one such word 

line nmning perpendicular to and overlying the polysilicon floating gates in each array row. 



PCT/US94/06224 




FOX 



10 




RG. IB 

(PRIOR ART) 



FOX 




RG. 1C 

(PRIOR ART) 



wo 94/29898 



PCTrtJS94/06224 




PCTAJS94/06224 




pay 2 




RG. 6B 

(PRIOR ART) 



NTERNATIONAL SEARCH REPORT 



Intemaocsial Application No 

PCT/. . 94/06224 



A. CaLASSIFICATION OF SUBJECT MATTER 

IPC 5 H01L21/82 H01L21/90 



Acoonteng to International Patent Clasnfication (IPC) or to both national ctasnficaaon and IPC 



B. FIELDS SEARCHED 



Mimmum documentation s«u«hcd (dasnftcalion system followed by damncation symbols) 

IPC 5 HOIL 



Documentation searched other than mimmum documcntabon to the extent thai such documents are mduded in the fields searched 



Eleetromc data base consulted durmg the mtemanonal search (name of daU base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category" 



Qtation of document, with ittdicatton* whore appropriate, of the relevant passages 



RdevanttD daim No. 



US,A,5 103 274 (D.N. TANG ET AL.) 7 April 
1992 

see column 1, line 59 - column 2, line 6 
see column 4, line 8 - column 5, line 37 

EP.A.O 187 278 (K.K.TOSHIBA) 16 July 1986 
see page 6, line 20 - page 10, line 2 



1,2 



1-3 



□ 



Furtbo' dooimenB arc listed in ttie oontixniation of box C 



m 



Patent family members are listed in annex. 



* Special categones of cited documents : 

'A* document defming the general stale of the art which is not 

considered to be of particular rdcvartee 
*E' earlier docummi but putdished on or after the international 

fiUngdatc 

'L* document which may throw doabts on |shority daiin(s) or 
which is dted to estaUish the publication date of anottter 
dtation or other spedal reason (as spedfied) 

'0' document referring to an oral disdosure, use* exhibition or 
other netns 

*P* document published pnor to the incematianal filing date tut 
later than the priority date claimed 



nr later document publidied after the mtemational filing date 
or phonty date and rtot in conflict with the application but 
ated to uruterstand the phndplc or theory undcriyiag the 
invention 

document of particular relevance; the daimcd invention 
caimot be oonadered novd or cannot be oonsidet«d to 
involve an inventive step when the document is taken alone 
'Y' document of particular rdevance; Ihc daimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu^ 
nkents, such oomta^tion being obvious to a person ddUed 
in the art. 

'A' document member of the same patent family 



Date of the actual complettott of the intenutional search 



7 September 1994 



Date of mailing of the international search report 



27.09. Sit 



Name artd mailing address of the ISA 

Euirmean Patent onice, P^. 5818 Patendaan 2 , 
NL • 2280 HV Rijswijk 
Td. (-t^ 31-70) 340-2040. Tx. 31 651 cpo nl. 
Fax (t- 31-70)340-3016 



Authonzed officer 



Schuermans, N 



Faira PCT/ISAOIO (Memd ihwt} (luty 1993) 



INTERNATIONAL SEARCH REPORT 

Ir lation on patent faixuly members 



Patent document 
cited in search report 



Publication 
date 



Intent uticiMi Applic i*. x 

PCT/ 94/03..1 



Patent family 
member(s) 



Publica itn 
date 



US-A-5103274 


07- 


■04-92 


US-A- 


5120671 


09-06-92 


EP-A-0187278 


16- 


■07-86 


JP-A- 
DE-A- 
US-A- 
US-A- 


61136274 
3586822 
4720323 
4768080 


24-06-86 
17-12-92 
19-01-88 
30-08-88 



Ford FCT/ISAOIO (paunt fimlly mnntx) (July 1992) 



